The physical nature of the induced deformation is not fully understood and different physical models have been proposed. Generally speaking, pore pressure is assumed responsible for the observed phenomena. In particular Evans and Wyatt [1984] assume changes in the aperture of subsurface hydraulically conductive fractures accompanying pore pressure changes. The model of deformation of the rock matrix induced by pore pressure gradients leading to groundwater flow in the pore space has been found to be adequate to explain the observations of tilt and strainmeters. Kampel [1989] has examined this model and made pumping experiments in order to test the theory. The approach of physically modeling the induced signals is very difficult, as the finite element model requires detailed knowledge of the geological and hydrological structure at the observation site. The works of Kampel [1989] and Weise et al. [1999] showed that in the examined cases the order of magnitude of the observed induced signal is in agreement with the one predicted by the rainfall, which should model the observations. Wolfe et al. [ 1981 ] apply models of known hydrologic mechanisms, as infiltration and outflow of water from the ground, in order to find empirical models for the rain-strain relationship. Yamauchi [1987] uses an alternative method for simulating groundwater flow, which considers concatenated tanks fed in one another. The outflow from the last tank is used to simulate the strain variation. This last method gave promising results, but is challenging to apply, as the nonlinear equations require parameter adaptation by trial and error. In the following we show that the techniques of predictive filtering give good results for estimating the hydrologic induced deformation.
The techniques are applied to extensometric and tilt measurements made at the geodetic network of NE-ltaly, installed in 1977 [Zadro, 1978] . The network is set in a seismically active in which x(n) is the output sequence of a causal filter that models the observed data and u(n) is an input driving sequence [Marple, 1987;  with ep(n) the fpe at the step n, and v a convergence factor, which adjusts the amount of correction made at each step. In order to ensure stability of the algorithm, the convergence factor must be chosen as v < 1! pw, with w the mean square amplitude of the fpe [Marple, 1987] . The choice of the parameter v is governed by the tradeoff between the adaptation rate of the algorithm and the stability with respect to noise in the data. 
Discussion and conclusion
The observed deformations are a combination of the signals of tectonic origin and those caused by ambient factors, among which the hydrologic agent is the most important. The predictive filtering method is a means to represent the observed data by the output of a linear system, which is fed l•y a driving random sequence. In the general case the system is defined as being autoregressive moving average, defined by a series of parameters. The parameters characterizing the system can be obtained from the observations, by application of suitable algorithms, as those described above. Once the parameters defining the system have been determined, there are two approaches that can be used to test whether and to what extent the observed deformation is raininduced.
On one hand, with the observations and the parameters describing the system, the predictive filtering method allows the expected driving sequence to be calculated (equal to fpe, see eq. 3). The correlation coefficient between rainfall and the expected driving sequence (fpe) is a means to estimate to which extent the observations are rain-induced. In the two examples shown above, the correlation factor is 0.61 for the tilt and 0.64 for the extensometric observations. These values are to be compared with the correlation factors of rainfall and tilt (0.1) or rainfall and the extensometric record (0.04) for the same period, which are misleading and would bring to the false conclusion that the observations were independent of rainfall. Conversely, the rainfall can be used as the driving sequence of the system in order to model the rain induced signal. For the tilt and strain measurements this method has allowed successful modeling of the rain-induced deformation. Nonetheless some mismatch of the modeled signal occurs as e.g. in Figure 2 , where small rainfall did not result in an induced deformation, contrarily to what predicted from the model. In a further study it should be examined whether preprocessing of the rainfall improves the modeled deformation. Physically, the preprocessing could take account of effects as the maximum infiltration rate of the soil, or a threshold amount of rain before any effect to occur.
The increase in the quality of other geodetic measurements, such as the superconducting gravimeter and continuous GPS observations, has revealed that these are also affected by the hydrologic agents. If not recognized or corrected for, the induced signals are liable to be confused or erroneously interpreted as of tectonic origin. The procedure shown in the present paper to verify and model hydrologically induced signals in extensometric and tilt measurements can be applied in the same manner to other geodetic measurements as well, such as continuous GPS and gravity measurements.
